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Abstract 
Sumitomo Electric Industries (SEI) has been involved in the development of 66 kV/5 kA-class HTS cables using REBCO wires. 
One of the technical targets was to reduce the AC loss to less than 2 W/m/phase at 5 kA. SEI developed a clad-type textured metal 
substrate with lower magnetization loss than NiW substrates. REBCO wires of 30 mm wide were slit into 4 mm-wide strips, and 
these strips were wound spirally on a former with small gaps. The measured AC loss of the manufactured cable was 1.8 W/m/phase 
at 5 kA, achieving the AC loss goal. Another important target was to manage fault current. The copper protection layers were 
designed based on simulation findings. Fault current tests (max. 31.5 kA, 2 sec) showed that the designed HTS cable has the 
required withstanding performance. The development of the elemental technologies was finished on schedule, and a 15 m-long 
HTS cable system will be constructed to demonstrate that it meets all the required specifications. 
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1. Introduction 
In Japan, the replacement of old, large-capacity, pipe-type oil-filled (POF) cables is planned for around 2020. 
Replacing these with low-capacity, cross-linked polyethylene vinyl sheath (CV) cables, however, requires additional 
circuits, which is impractical due to the difficulties in constructing new cable tunnels in urban areas. Because high-
temperature superconducting (HTS) cables fit within the large-capacity, low-loss power transmission network using 
compact conduits, HTS cables are expected to offer an innovative solution to this technical bottleneck. Therefore, HTS 
cables have been identified as one of the key technologies for the development of next-generation power transmission 
grids. 
Sumitomo Electric (SEI) has taken part in the NEDO’s Technological Development of Yttrium-based 
Superconducting Power Equipment project [1, 2] that began in 2008, and has been responsible for the development of 
the 66 kV/5 kA-class HTS cables to be used for future transmission grids [3]. These cables will be tested to see that 
they meet all specifications and requirements for power grids using the sample tests and cable system verifications. 
Within the first three years, we have developed elemental technologies for the HTS cable, including AC loss reduction 
and protection against fault current. In the next two years, we will construct a 15 m-long HTS cable system so that we 
can demonstrate that it meets all the required specifications.  
 
* Corresponding author. Tel.: +81-6-6466-5630 ; fax: +81-6-6466-8239 . 
E-mail address: ohya-masayoshi@sei.co.jp . 
Available online at www.sciencedirect.com
2   lsevier B.V ti  /or peer-review under responsibility of IS  Program Com ittee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 M. Ohya et al. /  Physics Procedia  27 ( 2012 )  364 – 367 365
2. Development of the elemental technologies of the HTS cable 
2.1. 3-in-One HTS cables 
Fig. 1 shows the structure of the 3-in-One HTS cable. The three cores are housed in one thermal insulation pipe 
(cable cryostat), offering the advantages of compact installation space and reduced heat invasion compared with three 
single-core HTS cables, each requiring a separate cryostat.  
The cable core consists of a former made of stranded copper wires, an HTS conducting layer, an electric insulation 
layer, an HTS shield layer, and a copper shield layer, all of which are coaxially wound around the former. In normal 
use, load current flows through the HTS conducting layer. The shielding layers of the three cable cores are short-
circuited at both ends, and electromagnetic induction creates current through each HTS shielding layer that is nearly 
identical to each load current and is of the opposite phase. This cable structure provides magnetic shielding, thus 
preventing electromagnetic interference (EMI) outside the cable. It is inefficient to design a cable with several-fold 
overcapacity in the HTS conducting and shielding layers to provide for fault events. Therefore, the copper former and 
copper shielding layer are added to the HTS conducting layer and the HTS shielding layer so that any fault current is 
diverted to these protective structures, thus limiting the resulting temperature increase in the HTS layers.  
 
      
Fig. 1. Structure of the 3-in-One HTS cable    Fig. 2. Measured AC loss of the HTS cable core 
2.2. AC loss reduction 
An important technical target was to reduce the AC loss to less than 2 W/m/phase at 5 kA. The key technologies for 
AC loss reduction include the development of a low-magnetic textured substrate and the slitting of a wide REBCO 
wire into narrow strips. SEI has been developing REBCO wires on textured metal substrates by a pulsed laser 
deposition (PLD) [4, 5]. Conventional textured Ni-alloy substrate has large hysteresis loss, that increases the AC loss 
of the HTS cables. In response to this, SEI has developed a new type of textured metal substrate called a clad-type 
substrate. The clad-type substrate is composed of a non-magnetic metal plate with a thin textured metal film on the 
plate. The magnetization loss in the clad-type substrate (52 J/m3/cycle) is one-twenty-fifth that of a Ni-alloy substrate 
(1300 J/m3/cycle). The REBCO wire developed was composed of a 120 ȝm-thick clad-type textured metal substrate, 
CeO2/YSZ/CeO2 buffer layers, a GdBa2Cu3Cux (GdBCO) superconducting layer, and a stabilizing Ag layer. A 30 mm-
wide wire was slit into 4 mm-wide strips, and each strip was coated by electroplating it with 20 ȝm of copper.  
To evaluate the AC loss characteristics of HTS cables with REBCO wires, a cable core with a 4-layer HTS 
conductor and a 2-layer HTS shield was manufactured. The REBCO wires were spirally wound on an FRP former 
with the superconducting layer outward. The specifications of the manufactured cable core are listed in Table 1. The 
cable core was installed in a cryostat to cool it below 77.3 K by reducing the internal pressure. The AC loss 
characteristics of the cable core were evaluated at various temperatures. Fig. 2 shows the measured AC loss of the 
cable core at 64 K. The critical current of the cable core was approximately 13 kA at 64 K. The measured AC loss was 
1.83 W/m/phase at 5 kA. The cable core thus achieved the AC loss goal of less than 2 W/m/phase at 5 kA. In Fig. 2, 
the solid line shows the numerically simulated AC loss of the cable core that was calculated by Kyoto University [6,7]. 
The experimentally measured AC loss was almost exactly the same as the numerically simulated loss. This proves that 
the manufactured cable core works as designed.  
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Table 1. Specifications of the HTS cable core 
Items Specifications 
Diameter of former 21 mm 
HTS conducting layer 4 layers, 4mmw REBCO wires, 59 pcs 
Electric insulation layer PPLP٤R , 6mmt 
HTS shielding layer 2 layers, 4mmw REBCO wires, 50 pcs 
Diameter of cable core 40 mm 
Length of cable core 2 m 
2.3. Loading tests 
Using the manufactured cable core, 5 kA-current loading tests were conducted. Thermocouples were attached to the 
HTS conducting layer at the longitudinal center to measure the temperature increase. Fig. 3 shows the test result with a 
load current of 5 kA. During the test, no rapid change was observed in the internal temperatures and end-to-end 
voltages of the cable core; the loading tests were completed successfully. It was confirmed that the developed HTS 
cables had sufficient current capacity of 5 kA loading.  
 
      
Fig. 3. 5 kA loading test result of the HTS cable core   Fig. 4. Fault-current test results of the HTS cable core 
2.4. Protection against fault current 
Because the cable has to survive from fault accidents, it is necessary to limit the temperature rise from fault current 
to small enough value to avoid degradation of the HTS cable. A simulation study was performed at Waseda University 
[8] to design the volume of the copper protective layers, taking into account the required cable size restriction: the 
cable can be installed into the existing underground conduits with an inner diameter of 150 mm. Based on the 
simulation findings, a copper stranded former of 140 mm2 was adopted for the HTS conductor, and a copper shielding 
layer with a total cross-sectional area of 100 mm2 was added to the HTS shield. Using this design, test samples were 
prepared to conduct fault current tests (max. 31.5 kA, 2 sec). As shown in Fig.4, the temperature rises (ǻT) of the HTS 
conducting layer and HTS shielding layer at 31.5 kA for 2 sec were 100 K and 120 K, respectively. These results were 
within the expected range from the numerically simulated results (see Fig. 4). Furthermore, no deterioration in the 
critical current characteristics was observed in the test samples after the fault-current tests. The results show that the 
designed HTS cable has the required fault current withstanding characteristics. 
 
3. 15 m-long cable system verification 
Design studies and elemental tests have been completed for each component of the HTS cable. A 15 m-long cable 
system will be built to demonstrate the reliability within the next two years (2011-2012). The demonstration system 
will be cooled and subjected to various tests, including electrical test, thermo-mechanical test, and heat-loss 
measurement. After the confirmation of nominal current and voltage performance, a long-term operational test will be 
performed to verify whether the cable system is capable of handling the rated current and voltage for thirty years. 
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During a thirty-day test period, voltage to ground of 51 kV will be continuously applied to the cable as an accelerated 
test condition to simulate the thirty years of operation. At the same time, a current application cycle test will be 
conducted (rated current of 5 kA applied for 8 hours and then turned off for 16 hours). After the long-term operational 
test, withstanding voltage tests will be conducted again and the soundness of the cable system will be verified. In the 
verification test, the heat-cycle performance of the cable system will be also verified.  
 
4. Conclusions 
SEI has taken part in the national project, and has been responsible for the development of a 66 kV/5 kA-class HTS 
cable using REBCO wires that can be applied for use in future transmission grids.  
x One of the important technical targets was to reduce AC loss to less than 2 W/m/phase at 5 kA. A cable core was 
manufactured from the 4 mm-wide wires with low-magnetic textured substrates. The cable core had an AC loss 
of just 1.8 W/m/phase at 5 kA, thus achieving the AC loss goal.  
x 5 kA loading tests were conducted for the manufactured cable core, and the stability in the current loading 
performance was confirmed.  
x The other important target was to manage a fault current. The protection layers were designed based on the 
simulation findings. The over-current tests (max. 31.5 kA, 2 sec) showed that the designed HTS cables had 
enough capacity against a fault current.  
The development of the elemental technologies was finished on schedule, and a 15 m-long HTS cable system will 
be constructed to demonstrate that it meets all the required specifications.  
Acknowledgements 
This work was supported by the Japanese Ministry of Economy, Trade and Industry (METI) and the New Energy 
and Industrial Technology Development Organization (NEDO).  
References 
[1] Y. Shiohara, N. Fujiwara, H. Hayashi, S. Nagaya, T. Izumi, M. Yoshizumi, Physica C, 469, 2009, p.863-867 
[2] N. Fujiwara, H. Hayashi, S. Nagaya, Y. Shiohara, Physica C, 470, 2010, p.980-985 
[3] M. Ohya, H. Yumura, T. Masuda, N. Amemiya, A. Ishiyama, T. Ohkuma, Physica C, 471, 2011, p.1279-1282 
[4] T. Nagaishi, Y. Shingai, M. Konishi, T. Taneda, H. Ota, G. Honda, T. Kato, K. Ohmatsu, Physica C, 469, 2009, p.1311-1315 
[5] T. Yamaguchi, H. Ota, K. Ohki, M. Konishi, K. Ohmatsu, Physica C, 470, 2010, p.1271-1274 
[6] Z. Jiang, N. Amemiya, M. Nakahara, Superconducting Science and Technology, 21, 2008, 025013 
[7] Q. Li, N. Amemiya, K. Takeuchi, T. Nakamura, N. Fujiwara, Superconducting Science and Technology, 23, 2010, 115003 
[8] X. Wang, H. Ueda, A. Ishiyama, M. Ohya, H. Yumura, N. Fujiwara, Physica C 470, 2010, p.1580-1583 
